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(57) Abstract: The invention relates to a vacuum display device com- 
prising a display screen (30) having picmre elements (35), cathode means 
(20) for generating a plurality of electron beams (EB), each correspond- 
ing to one of the picture elements (35), and addressing means (41,42) 
for addressing the picmre element (35) through modulation of the inten- 
sity of an electron beam corresponding to the picture element (35). A 
channel structure (10) is arranged adjacent the cathode means (20). The 
channel structure (10) comprises a plurality of electron beam guidance 
cavities (15), each corresponding to one of the picture elements (35), and 
protects the cathode means (20) from incident ions. The exit (17) of the 
cavity (15) is smaller than the enU-ance (16), so that an electron beam 
(EB) exiling from the cavity (15) has a particularly high brightness and 
spatial uniformity. 
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Vacuum display device 



The invention relates to a vacuum display device comprising 

a display screen for displaying image infoimation, said display screen 
comprising luminescent picture elements arranged in a first array; 

cathode means for forming a plurahty of electron beams arranged in a second 
5 array, said second array being in conformity with the first array, so that each electron beam 
corresponds to a picture element of the display screen; 

addressing means for addressing the picture elements by modulating the 
corresponding electron beam in accordance with the image information, and 

a channel structure provided with electron beam guidance cavities arranged in 
10 a third array, said third array being m conformity with the first array, for guidmg each 

electron beam to the conesponding picture element of the display screen, said electron beam 
guidance cavities each having an entrance facing the cathode means and an exit aperture 
facing the display screen, 

15 An embodiment of such a diq)lay device is known firom US-A-5,986,399. 

In the known display device, the cathode means comprise microtip field 
emitters, also known as Spindt emitters, for each of the picture elements (pixels). When a 
cathode electrode adjacent the microtip is activated by a cathode voltage, electrons are 
emitted firom the microtip because of the relatively strong local electric field at the microtip. 

20 The electrons emitted firom the microtip are accelerated towards a 

corresponding pixel of the display screen by an electric field. For this purpose, said display 
screen is provided with an anode which receives an anode voltage. The pixels comprise 
luminescent material that emits light when struck by an electron beam and are arranged in 
rows and columns. 

25 The known display device is provided with addressing means. In particular, 

the microtips are controllable by column electrodes for energizing columns of microtips, and 
grid electrodes are provided, separated from the column electrodes by an insulating layer and 
extending in a direction perpendicular to the columns, so as to modulate a beam current of 
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the rows of electron beams. Thus, each of tiie pixels on the display screen is addressable by a 
corresponding combination of a colimm electrode and a grid electrode. 

By addressing the pixels in accordance with image information supplied to the 
display device, said image information can be displayed on the screen. 

5 In the known display device, a selection plate is provided. The selection plate 

is provided with an aperture for each of the pixels. The iimer surface of each aperture is 
provided with a metallization pattern. The apertures guide an electron beam to the 
corresponding pixel of the display scr&en. The selection plate is mounted close to the display 
screen to obtain a substantially 1 : 1 relation between the apertures and the pixels. 

1 0 The known display device has the problem that the brightness of the displayed 

image deteriorates over the lifetime of the device. 

It is an object of the invention to provide a vacuum display device as described 
in the opening paragraph which has a reduced deterioration of the image brightness over its 
IS hfetime. 

This object is realized by the vacuum display device according to the 
invention, which is characterized in that the channel structure is arranged adjacent the 
cathode means, and said entrance is larger than said exit aperture. 

The invention is based on the recognition that the emissive properties of the 

20 cathode means are reduced over the Ufetime of the device owing to positive ions being 

formed in the device. After vacuum conditions have been established in the display device, 
residual gases having a low partial pressure are still present. These residual gases are ionized 
when struck by an electron beam. The resulting positive ions move in opposite direction to 
the electrons and are thus accelerated towards the catiiode means, which may be damaged 

25 upon ion collision. The brightness of the emitted electron beam and thus the image brigjitness 
is reduced thereby over the lifetime of the display device. 

In the display device according to the invention, the channel structure is 
arranged adjacent the cathode means. A large majority of the positive ions is flierefore 
generated between the channel structure and the display screen. Since the surface area of the 

30 exit apertures is relatively small as compared v^th the surface area of the entrances and thus 
the surface area of the channel structure, the positive ions predominantly collide with the 
channel structure. The channel structure forms an obstruction to ions that are accelerated 
towards the cathode means. 
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The number of ions colliding with the cathode means is reduced, because the 
fraction of the positive ions entering the electron beam guidance cavities through the exit 
. j^erture and subsequently reaching the cathode means is relatively smalL Therefore, damage 
inflicted on the cathode means during the lifetime of the display device is reduced. In the 
5 display device according to the invention, the deterioration of the beam current of the emitted 
electron beams, and thus the deterioration of image brightness, is reduced over the lifetime of 
the display device. 

Moreover, since the entrance is larger than the exit aperture, the electron beam 
guidance cavity concentrates the electron beam, so that it has a relatively high brightness. 
10 Also, the spatial distribution of the electron beam is relatively uniform, Therefore, intra-pixel 
luminescence is particularly xmiform and the image quality is relatively high. 

The exit aperture may be circular or square-shaped, or preferably have an 
elongate shape such as elliptical or rectangular. 

Where, in the remainder of this document, the word ''cavity*' is used, reference 
15 is made to an electron beam guidance cavity bemg provided in the channel structure. 

Although the display device according to the invention has an advantage for 
any ratio between the surface areas of the exit aperture and the entrance greater than 1, it is 
preferred that this ratio is considerably greater than 1, for example 5 or 20. 

The channel structure may be provided with a hop electrode on its screen- 
20 facing side for each of the exit apertures of the cavity, and the inner surface of each of the 
cavities may comprise electrically msulating materia having a secondary emission function. 
These features enable electron beam guidance through the cavities. This particular electron 
beam guidance is based on hopping transport of the electrons, as known per se from 
US-A-5,270,611. 

25 Hopping transport of the electrons is based on a secondary emission process. 

In operation, the hop electrode receives a hop voltage, so that electrons in the cavity are 
accelerated towards the exit ^erture. The inner surface of the cavity comprises an 
electrically insulating material having a secondary emission function. When an electron 
strikes upon the inner sxuface, it is absorbed and a secondary electron is released and 

30 accelerated towards the exit aperture. For each emitted electron that enters the cavity, on 
average one electron is emitted from the exit aperture. Thus, on average, as many electrons 
leave the cavity as enter it and the electron beam is guided through the cavity. 

This embodunent is particularly advantageous if an anode is provided in the 
display screen for accelerating the electrons. Because of the relatively small exit aperture and 
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the presence of the hop electrode, the accelerating electric field of the anode has a negUgible 

perveance through the channel structure. Therefore, the acceleration stage does not interfere 

with the electron beam generation by the cathode means. The anode voltage and the cathode 

voltage can be chosen independently of each other. 
5 Usually, a relatively high anode voltage is applied for accelerating the 

electrons. The electrons in the electron beams impact on the pixels with a relatively high 

impact energy so that light generation by the luminescent material is particularly efficient, 

while the cathode voltage can be chosen so as to be best suitable for the type of electron 

emitter used in the display device. 
10 The electron beam guidance cavity is preferably substantially fuimel-shaped, 

an apex angle of the funnel being, for example, in a range from 10 to 100 degrees and 

preferably between 30 and 80 degrees. 

The inventors have shown that the electron beam exiting from such a cavity 

leads to a favorable and particularly uniform filling of the pixels. 
1 5 Moreover, the threshold hop voltage, being the hop voltage needed to start the 

hopping electron transport, is relatively low, and the hopping transport process is estabUshed 

at a relatively low hop voltage. 

Preferably, the cathode means comprise at least one field emitter for each of 

the electron beams. Thus, this embodiment of tihe display device according to the invention 
20 is, m essence, a Field Emission Display (FED). The field emitters only require a relatively 

low power for generating an electron beam with a sufficiently high beam current 

This embodiment is particularly advantageous if the number of field emitters 

for each of the electron beams is relatively large. In known embodiments of FEDs, problems 

with intra-pixel luminescence uniformity and fluctuations in tiie beam current of the emitted 
25 electron beam commonly occur. These problems are reduced in this embodunent because the 

cavities concentrate the emitted electrons from a relatively large number of field emitters into 

a single electron beam. 

The field emitters preferably comprise Spindt-type emitters, printed field 

emitters, or carbon nanotubes. 
30 Alternatively, the cathode means may comprise one or more thermionic 

emitters, such as an oxide-cathode. The dimension of this cathode may be comparable to that 

of the display screen, or it may have several segments. 

Preferably, the cathode means comprise a cathode electrode for each of the 

electron beams, so. as to enable electron emission from a corresponding part of said cathode 
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means, aad a gate electrode for each of the electron beams, so as to control the electron 

emission from the corresponding part of said cathode means. 

The first array, the second array, and the tiurd array generally comprise rows 

and columns. The rows and columns may both be arranged along straight, perpendicular 
5 lines, or alternatively in a so-called delta-nabla configuration, wherein the rows are arranged 

along a straight line and the columns are arranged in a sawtooth pattern substantially 

perpendicular to the rows. 

In a preferred embodiment, the addressing means then comprise a row 

electrode and a coluirm electrode, the row electrode connecting the gate electrodes of electron 
10 beam guidance cavities arranged in a corresponding row, and the column electrode 

connecting the hop electrodes of electron beam guidance cavities arranged in a corresponding 

colunm. 

In operation, a given picture element is addressable by the application of a row 
voltage to the coiresponding row electrode and by the apphcation of a column voltage to the 

1 5 corresponding column electrode. 

Generally, the pbcels are addressed 'line-at-a-time% whereby a first of the 
voltages, for example the row voltage, is used for selecting a row of electron beams, and a 
second of the voltages, in this example the colmnn voltage, is used for modulating the beam 
current mdependently for each of the electron beams in the selected row. 

20 Each row is selected once for every frame being written, tiius flie row voltage 

is generally a signal having a frame frequency. Each column voltage is adapted once for 
every line being written, thus the column voltage is generally a signal having a line 
frequency. The beam current modulation may be carried out by means of pulse hei^t 
modulation or by means of pulse width modulatioiL 

25 The column voltage has a line frequency, which is considerably greater than 

the frame frequency, usually several hundred times greater. The preferred embodiment has 
the advantage that the power usage for pixel addressing is relatively low, because the column 
voltage is applied to the hop electrodes, which have a relatively small capadtive load. 

The 'line-at-a-time* addressing method described above is commonly referred 

30 to as 'normal scanning'. It is alternatively possible to use 'transposed scanning', in which the 
roles of the row and colunm voltages are interchanged. In the remainder of this document, it 
is presumed that normal scaiming is used for pixel addressing. 
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The cathode electrodes may be arranged in segments, each corresponding to a 
plurality of electron beams arranged in a predetermined number of rows of the second array. 
For example, the number of segments is ten. 

In operation, the segmented cathode electrodes are used for multiplexing 
5 addressing of the rows of pixels. This has the advantage that the number of row voltages, and 
thus the number of external connections to supply the row voltages, is reduced. 

Alternatively, the roles of the cathode electrodes and the gate electrodes may 
be interchanged, so that rows of pixels are selectable by means of cathode electrodes 
corresponding to the rows, and segmented gate electrodes are used for multiplexing 
1 0 addressing of the rows. 

In an alternative embodiment, the addressing means comprise a row electrode 
and a column electrode, said row electrode connecting the cathode electrodes of electron 
beams arranged in a corresponding row, and said column electrode comprising the gate 
electrodes of electron beam guidance cavities arranged in a corresponding column. The rows 
15 of pixels are addressable by the cathode electrodes, and the columns of pixels are addressable 
by the gate electrodes. 

This is advantageous because a single hop electrode can be provided for all 
cavities, said hop electrode receiving a fixed hop voltage and having similar dimensions as 
the third array of the cavities. 
20 Because of this, the hopping transport properties of the cavities remain 

relatively unchanged during operation of the display device. Moreover, the addressing of the 
individual pixels is now entirely carried out within the cathode means, which are electrically 
isolated from the acceleration stage by the channel structure. 

The display device operates under vacuum conditions. In a preferred 
25 embodiment, the display device comprises a vacuum envelope having a back plate adjacent 
the cathode means, a front plate adjacent the display screen, and a spacer between the front 
plate and the back plate, said spacer comprising a plurality of chambers, each arranged 
between a predetermined number of picture elraients and their corresponding electron beam 
guidance cavities, and a pump chamber designed for pumping the vacuum envelope and 
30 connected to each one of the plurality of chambers. 

The spacer provides support to the display device, to withstand the 
atmospheric pressure. This is necessary for achieving vacuum conditions within the display 
device. The manufacturing process of the display device comprises a step of evacuating the 
display device, during which step the pump chamber is connected to a pump. 
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Preferably, the vacuum conditions prevail throughout the entire display device, 
and the pumping resistance of the display device is as low as possible. 

An embodiment of such a spacer has a single chamber for each of the pixek, 
extending between the pixel and the exit of the corresponding electron beam guidance cavity. 
5 To connect each chamber to the pump chamber, the channel structure may be 

provided with openings between neigjiboring cavities, so as to connect rows of cavities, 
columns of cavities^ or both. The cavities adjacent the sides of the cavity structure are 
comected to said pump chamber by similar openings. The dimensions of the openings should 
be large enough to allow an unrestricted gas flow between neighboring cavities, yet small 
10 enough to prevent electron leakage between neigjiboring cavities. 

Alternatively, such openings may be provided within the spacer to connect 
chambers corresponding to neighboring pixels. 

The spacer having a single chamber for each pixel prevents electrons from 
landing on a wrong pixel, i.e. a pixel not corresponding to the cavity from which the electron 
15 exited. This is especially advantageous in a color display device, so as to prevent color errors 
in the displayed image. 

Another embodiment of the spacer is provided with a single chamber for a 
predetermined number of picture elements arranged in a single column of the first array. 

In this embodiment, electron leakage to pixels in a neighboring column is not 
20 possible. This is especially advantageous in a color display device, if the luminescent 

material for the different colors is arranged m strips, each of the strips corresponding to the 
predetermmed number of pixels arranged in the column. This configuration also prevents the 
occurrence of color errors. However, some electron leakage may occur between the pixels 
arranged in the column. 

25 It is advantageous when the hop electrode comprises an electron lens adjacent 

each of the exit apertures of the cavities for adapting a cross-sectional area and/or shape of 
the corresponding electron beam in conformity with the picture elements of the display 
screen. 

The shape and diameter of the exit aperture can thus be chosen independently 
30 of the picture elements on the display screen, so that a large design freedom is obtained.,The 
electron beam exiting from the guidance cavity is formed by the electron lens to give a good 
filling of the corresponding luminescent pixel of the display screen. This is advantageous for 
an efficient use of the luminescent material in the pixel, and therefore for the briglitness of 
the displayed image. 
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Such an electron lens may comprise a cnp lens or a planar electron lens, which 
are both known from international patent application WO 01/26131. 

These and other aspects of the invention will be apparent from and elucidated 
5 with reference to the upended drawings. 
In the drawings: 

Fig. 1 shows a first embodiment of the display device according to the 

inveiition; 

Fig. 2 is a more detailed isometric view of the first embodiment; 
1 0 Fig. 3 is a schematic view of the addressing means in the first embodiment; 

Fig. 4 is a schematic view of an alternative embodiment of the addressing 

means; 

Fig. 5 is a schematic view of another alternative embodiment of the addressing 

means; 

15 Fig. 6 is a side view of the front plate and the spacer in the jSrst embodiment; 

Fig. 7 shows a second embodiment of the display device according to the 

invention, and 

Fig. 8 shows a preferred embodiment of the hop electrode adjacent the exit 
aperture of a single cavity in the chamiel structure. 

20 

The first embodiment of the display device, as shown in Fig. 1 and Fig. 2, has 
a display screen 30 arranged adjacent a front plate 51, cathode means 20 arranged adjacent a 
back plate 52 for forming electron beams EB, and a chamiel structure 10 arranged between 
the display screen 30 and the cathode means 20, in proximity of the latter, the channel 
25 structure 10 being provided with electron beam guidance cavities 15. The cavities 15 are 
substantially fimnel-shaped, with an entrance 16 being larger than an exit ^erture 17. 

The display screen 30 comprises picture elements (pixels) 35 arranged in rows 
31 and columns 32. Each pixel 35 is provided with a luminescent material, for example a 
phosphor, which emits light when it is strack by an electron beam EB. In a color display 
30 device, different luminescent materials are applied, each corresponding to one of the colors 
red, green, and blue. The light travels through the front plate 5 1 towards a viewer, who 
watches the display device from the outside. 

The display screen 30 may be rectangular, a ratio between the dimensions in 
the direction of the rows 31 and in the direction of the colunms 32 being, for example, 16:9 
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or 4:3. It is desirable that the display screen 30 is flat and the thickness of the display device 
is as ^all as possible. Whereas Fig. 1 and Fig. 2 show a display screen 30 having only a few 
pixelis 35, a real display device has a much larger number of pixels. Each pixel 35 has a 
surface area of about 300 pm by 1 mm. 
5 The display screen 30 may also comprise an anode (not shown) for 

accelerating emitted electrons towards it The anode receives an anode voltage of, for 
example, 5 kV. 

The cathode means 20 comprise a cathode electrode 21, a plurality of field 
emitters 22 for the respective pixels 35, and gate electrodes 25 corresponding to the rows 31 
10 of the pixels 35. 

The field emitters 22 may comprise Spindt-type emitters, printed field 
emitters, or carbon nanotubes. They are provided on a glass substrate that is covered with the 
cathode electrode 21 and a resistive layer. The application of a voltage difference between 
the cathode electrode 21 and the gate electrode 25 energizes, the field emitters 22 into 
15 emitting electrons. 

The emitted electrons are accelerated towards the channel structure 10 by the 
gate electrode 25. For each cavity 15, the gate electrode 25 comprises a plurality of openings 
26 for passing emitted electrons, so that they may travel to the cavity 15. 

The channel plate 10 has a corresponding electron beam guidance cavity 15 
20 for each pixel 35. Each pavity 15 is funnel-shaped and has a central axis 19. The ioner 
surface 18 of the cavity 15 is at least partly coated with an electrically msulating material 
having a secondary emission coefficient 8 of at least 1 for a predetermmed range of electron 
impact energies, so that the wall 18 is able to emit a secondary electron when an electron 
impinges on it. The material comprises, for example, magnesium oxide (MgO). The channel 
25 structure 10 has a thickness of, for example, 400 ^m. 

In the display device according to the invention, a majority of the ions is 
generated between the channel structure 10 and the display screen 30. Since the exit aperture 
17 is relatively small, the ions will predominantly impact on the channel structure 10. The 
fi-action that enters the cavity 15 through the exit aperture 17 and is subsequently able to 
30 reach the cathode means 20 is relatively small. The number of collisions of ions with the 
cathode means 20 is reduced thereby, and the unage brightness over the lifetime of the 
display device is improved. 

The screen-facmg side of the channel plate 10 is provided with a hop electrode 
1 1 for each of the columns 32 of pixels 35 on the diq)lay screen 30. In operation, a hop 
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voltage is applied to the hop electrode 1 1 to establish an electric field within the cavity 15, 
for enabling hopping transport of electrons through the cavity 15. The number of electrons 
that exit the cavity 15 fljrough the exit aperhire 17 is equal to the number of electrons that 
entered the cavity 15, thus achieving a guidance of an electron beam EB that enters the cavity 
5 15. ■ 

In general, the exit aperture 1 7 of the cavity is smaller than the entrance 1 6 
facing the cathode means 20, Preferably, the ratio of the surface area of the entrance 16 to the 
exit aperture 17 should be considerably greater than 1, for example, 5 or 20. 

; For example, the diameter ofthe entrance 16 is 600 micrometers and the 

10 diameter ofthe circular exit aperture 17 is 100 micrometers. Preferably, the exit aperture 27 
may have an elongate shape, the major diameter thereof being 300 micrometers and the 
minor diameter being 100 micrometers. This is especially advantageous in a color display 
device having elongate sub-pixels. 

The beam current density ofthe electron beam EB is greater at the exit 
15 aperture 17 ofthe cavity than at the entrance 16. For example, the beam current density at the 
exit aperture is 50 or 100 times greater. In this case, the emitted electrons from a relatively 
large part of the cathode means 20 are collected in the electron beam EB, so that the electron 
beam EB has a good spatial uniformity and a particularly high brightness. 

The addressing means 41,42 in the first embodiment will now be described in 
20 more detail with reference to Fig. 3. 

The addressing means comprise the gate electrodes 25 operating as row 
electrodes 41 and the hop electrodes 1 1 operating as colunm electrodes 42. In this 
embodiment, the pixels 35 are addressed by means of normal scanning. 

The gate electrodes 25 each receive a corresponding gate voltage Vgl, Vg2, 
25 Vg3, which may independently have a first value allowing the passage of emitted electrons 
through the openings 26 in the gate electrode 25, or a second value at which no emitted 
electrons pass the gate electrode 25, Since the pixels 35 are addressed *line-at-a-time', only 
one of ttie gate voltages Vgl, Vg2, Vg3 can have the first value at any time, while all the 
other gate voltages have the second value. Thus only a single row 31 of pixels 35 is selected. 
30 A frame of the image information is written onto the display screen 30 through a consecutive 
selection of each of the rows 31 of pixels 35. 

The beam current ofthe electron beams EB can be modulated for each column 
32 of pixels 35 through changing ofthe hop voltage Vhopl, Vhop2, Vhop3 applied to the 
hop electrode 11 corresponding to said column 32 of pixels 35. Smce only a single row 31 of 
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pixel 35 is selected at a time, the beam current of the electron beams EB can be modulated 
independently for each of the pixels 35 in said row 31. 

The beam current of the electron beams EB may be modulated by means of 
pulse hei^t modulation, so that the beam current of the electron beams EB may be 
5 controlled by the value of the hop voltage Vhopl, Vhop2, Vhop3, in accordance with the 
supplied image information. Li this case, the beam current of ttie electron beam EB is zero if 
the hop voltage Vhopl, Vhop2, Vhop3 is lower than a predetermined threshold hop voltage, 
and the beam current has its greatest value when the hop voltage Vhopl , Vhop2, Vhop3 is 
equal; to a predetermined maximum hop voltage. At the maximum hop voltage, as many 
10 electrons leave the exit aperture 17 of the cavity 15 as enter it through the entrance 16. 

For example, the threshold hop vohage lies within a range of 50 to 200 volts, 
and the maximum hop voltage, being higher than the threshold hop voltage, lies within a 
range of 100 to 500 volts. 

Alternatively, the beam current of the electron beam EB may be controlled by 
1 5 means of pulse width modulation. 

In the alternative embodiment of the addressing means according to Fig. 4, 
multiplexing addressing is applied to the rows 3 1 of pixels 35, as described earUer in this 
document. The cathode means are now divided into three segments 221A, 221B, 221C. Each 
of the segments 221A, 221B, 221C receives a corresponding cathode vohage Vcathl, 
20 Vcath2, Vcath3 during operatiorL Corresponding gate electrodes 225A, 225B are 

interconnected for each of the segments 221 A, 221B, 221C, so that together they constitute 
the addressing means 41 for tiie rows 31 of pixels 35. The first group of gate electrodes 225A 
receives a first gate voltage Vgl, and the second group of gate electrodes 225B receives a 
second gate voltage Vg2, 
25 In the conventional, non-multiplexing addressing configuration, six row 

voltages would be supplied for addressing six rows of pixels 35, whereas in the multiplexing 
addressing configuration only five row voltages (Vcathl, Vcath2, Vcath3, Vgl , Vg2) are 
required. In a real display device, the reduction in the number of row voltages and in the 
number of external connections for supplying the row voltages will be greater. For example, 
30 in a display device having 600 rows, wherein the cathode electrode is divided into 1 0 
segments, the required number of row voltages is 70 instead of 600. However, the power 
consumption of multiplexing addressing may be higher than the power consumption of 
conventional addressing. 
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In another alternative embodiment for the addressing means, as shown in Fig. 
5, the cathode means consist of a line cathode 321 for each of the rows 3 1 of pixels 35. A row 

31 of pixels 35 is selected by setting the corresponding one of the cathode voltages Vcathl, 
Vcath2, Vcath3 to a first value allowing the emission of electrons, and the other cathode 

5 voltages to a second value not allowing emission. 

The addressing means comprise a gate electrode 325 for each of the columns 

32 of pixels 35. The modulation of the beam current of the electron beam EB passing through 
the openings 326 m a gate electrode 325 can be done by pulse height modulation of the gate 
voltages Vgl , Vg2, Vg3, or by pulse width modulation of the gate voltages. 

1 0 This embodiment has the advantage that the addressing is completely carried 

out within the cathode means. Thus a single hop electrode may be applied, covering 
substantially the entire screen-facing surface of the channel structure 10. Moreover, this hop 
electrode can receive a fixed voltage, so that the hopping transport properties of the cavities 
15 do not change during operation. 

15 The display device comprises a vacuum envelope 50 formed by the front plate 

51, the back plate 52, and the spacer 53. The spacer 53 and the front plate 51 are shown in 
more detail in Fig. 6. The spacer 53 provides vacuum support to the display device and 
comprises a pump chamber 55 for pumping the display device. 

For each column 32 of pixels 35, the spacer 53 has a corresponding chamber 

20 54 extending substantially along the column 32 of pixels 35. Neighboring chambers 54 are 
sqparated by a barrier 56 which extends along the sides of the chamber 54 in the direction of 
motion of the electrons, from the display screen 30 to the channel structure 10. The height of 
the barrier 56, i.e. the distance between the display screen 30 and the channel structure 10, is, 
for example, 3 mm. 

25 The chambers 54 are in open communication with the pump chamber 55 at 

both ends. Adjacent the channel structure 10, the chamber 54 is connected to the cavities 15 
of the corresponding column 32 via the exit aperture 17. During the evacuating process, a 
pump is coimected to the piunp chamber 55 via a pump valve P. This renders it possible to 
achieve vacuum conditions throughout the entire display device. 

30 The second embodiment of the display device as shown m Fig. 7 is largely 

similar to the first embodiment, except for adaptations to the spacer and the channel structure. 
The second embodiment comprises a vacuum envelope 150 with a front plate 151, aback 
plate 152, and a spacer 153. 
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The spacer 153 has a pump chamber 155 adjacent the sides of the vacuum 
envelope 150 and is provided with a single chamber 154 corresponding to each of Ae pixels 
135 on a display screen 130. Neigjaboring chambers 154 are separated by barriers 156. 

The chamber 1 54 has a cylindrical or conical shape and extends in the 

5 direction of motion of the electrons, between the pixel 135 and the exit aperture 1 17 of the 
corresponding cavity 1 1 5 in the channel structure 1 10. On the screen-facing side of the 
channel structure 1 10, a hop electrode 1 1 1 is provided for each of the columns 32 of pixels 
135, so that the hop electrode 1 1 1 is arranged to address said columns. 

A gate electrode 125 is present for each row of pixels 135 and controls the 

10 electron emission from cathode means 120 for said row. The addressmg means operate in a 
similar way as the addressing means in the first embodiment. 

Neighboring cavities 115 of the channel structure 110 are interconnected by 
openings 119. The diameter of the openings 1 19 should be such that an unrestricted gas flow 
through them is possible. 

1 5 The drawing shows openings 119 provided in the column direction, but 

openings may alternatively be provided in the row direction, or in both directions. The 
cavities 115 at the lateral ends of the channel structure 1 10 are connected to the pump 
chamber 155 through similar openings 119. 

Alternatively, sinodlar openings could be provided in the barriers 156 

20 separating the chambers 1 54. 

Each of the cavities 115 and each of the chambers 154 in the spacer 153 is 
connected to the pump chamber 155. During evacuating of the display device, a pump is 
connected to the pump chamber 155. This embodiment provides good vacuum conditions 
throughout the display device. 

25 In Fig. 8, a hop electrode is shown which comprises a cup lens consisting of a 

relatively thin first annular part 41 1 A and a relatively thick second annular part 41 IB, 
extending fi-om the first part 41 1 A towards the display screen 30. The first part 41 1 A has an 
opening corresponding to the exit aperture 417 of the cavity 415. The second part 41 IB has a 
circular aperture 412 with a larger diameter. 

30 The cup lens may be used for adapting the cross-sectional area or shape of the 

electron beam emitted firom the cavity 415 to the cross-section of the pixels 35 on the display 
screen 30. By adjusting the diameter of the aperture 412, the thickness of the second part 
41 IB, and/or the hop voltage, the cross-section of the electron beam EB can be made such 
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that it fills the pixels 35 as well as possible. Thus the luminescent material in the pixel 35 is 
maximally used, and the displayed image has a relatively high brightness. 

If the pixels 35 of the display screen 30 are elongated in shape, it is 
advantageous for the aperture 412 to have an elliptical or rectangular shape. The second part 
41 IB of the hop electrode may also have an elliptical or rectangular shapo. The electron 
beam EB that exits from the cavity 15 now has an elongate cross-section, so as to give a 
maxhnum filling of the elongate subpixels. 

The hop electrode may alternatively comprise a planar electron lens as a 
substitute for the cup lens. Both configurations are known per se from the cited intemational 
patent application WO 01/26131. 

The hop electrode then comprises a first electrode adjacent the exit aperture of 
the cavity and a second electrode substantially in the same plane as the first electrode, 
enclosing the latter. 

This configuration has the advantage that a separate voltage is applied to the 
second electrode, so that the strength of the planar electron lens and thus the cross-section is 
changeable without adaptation of the hop voltage. 

The drawings are schematic and not true to scale. While the invention has 
been described in connection with preferred embodiments, it should be understood that the 
invention should not be constmed as being limited to the preferred embodiments. Rather, it 
includes all variations which could be made thereon by a skilled person within the scope of 
the appended claims. 

For example, the addressing of the rows of the pixels, the addressing of the 
columns of the pixels, or multiplexing addressing of the rows and/or the columns may be 
carried out by any combination of the cathode electrode, the gate electrode, and the hop 
electrode, by the anode electrode, or alternatively by providing the display device with 
supplementary electrodes or other means suitable for this purpose. 

The cathode means may comprise any type of emitting element, preferably a 
field emitter such as a Spindt-type emitter, a carbon nanotube, or a printed field emitter, but 
alternatively a thennionic emitter such as an oxide-catiiode or an impregnated cathode, or 
other types of emitters such as avalanche cold cathodes or wire cathodes. 
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CLAIMS: 



1. A vacuum display device comprising: 

a display screen (30) for displaying image information, said display screen 
comprising picture elements (35) arranged in a first array; 

cathode means (20) for forming a plurality of electron beairis (EB) arranged in 
5 a second array, said second array being in conformity with the first array, so that each 
electron beam (EB) corresponds to a picture element (35) of the display screen (30); 

addressing means (41,42) for addressing the picture elements (35) by 
modulating the corresponding electron beam (EB) in accordrace with the image information 
and 

10 a channel structure (1 0) provided with electron beam guidance cavities (1 5) 

arranged in a tibard array, said third array being in conformity with the first array, for guidmg 
each electron beam (EB) to the corresponding picture element (35) of the display screen (30), 
said electron beam guidance cavities (15) each having an entrance (16) fecmg the cathode 
means (20) and an exit aperture (17) facmg the display screen (30), 

15 characterized in that said channel structure (10) is arranged adjacent said cathode means (20), 
and said entrance (16) is larger than said exit aperture (17). 

2. A vacuum display device as claimed in claim 1 , charactCTized m that a hop 
electrode (1 1) is provided at a side of the channel structure (10) facing the display screen (30) 

20 for each of the exit apertures (17), and an inner surface (1 8) of each of the electron beam 
guidance cavities (15) comprises an electrically insulating material having a secondary 
emission function so as to enable the electron beam to be guided through said cavity (15). 

3^ A vacuum display device as claimed in claim 2, characterized in that the cavity 

25 (15) is substantially fiinnel-shaped, swd fimnel having au apex angle in a range firom 30 to 80 
degrees. 
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4. A vacuum display device as claimed in claim 1 ,2 or 3 , characterized in that the 

cathode means (20) comprise at least one field emitter (21) for each of the electron beams 
(EB); 

5 5, A vacuum display device as claimed in claim 4, characterized in that the at 

least one field emitter (21) comprises a caibon nanotube, a printed field emitter, or a Spindt- 
type emitter. 

6. ; A vacuum display device as claimed in claim 1 , characterized in that the 

10 cathode means (20) comprise a cathode electrode (21) so as to enable electrons to be emitted 
fifom a part of said cafliode means (20) for each of the electron beams (EB), and a gate 
electrode (25) associated with a corresponding cavity (15) m the channel structure (10) for 
controlling the electron emission from said part of said cathode means (20). 

15 7. A vacuum display device as claimed in claim 1 , characterized in that the 

addressing means (41,42) comprise a row electrode (41) and a column electrode (42), the row 
electrode (41) connecting the gate electrodes (25) of electron beam guidance cavities (15) 
arranged in a corresponding row (31), and the column electrode (42) comiecting the hop 
electrodes (1 1) of electron beam guidance cavities (15) arranged in a corresponding column 

20 (32). 

8. A vacuum display device as claimed in claim 7, characterized in that the 
cathode electrodes (21) are arranged in segments (221 A, 221B, 221C), each segment 
corresponding to a plurality of electron beams (EB) arranged m a predetermined number of 

25 rows (31). 

9. A vacuum display device as claimed in claim 1, characterized in that the 
addressing means (41,42) comprise a row electrode (41) and a column electrode (42), said 
row electrode (41) connecting the cathode electrodes (21) of electron beams (EB) arranged in 

30 a corresponding row (31), and the column electrode (42) comprises the gate electrodes (25) 
of electron beam guidance cavities (15) arranged in a corresponding column (32). 



10. A vacuum display device as claimed in claim 1, characterized in that the 

vacuum display device comprises a vacuum envelope (50) having a back plate (52) adjacent 



wo 03/041039 PCT/IBtf2/04447 

17 

the cathode means (20), a front plate (51) adjacent the display screen (30), and a spacer (53) 
between the front plate (5 1) and the back plate (52), said spacer (53) comprising a plurality of 
chambers (54), each chamber being anranged between a predetennined number of picture 
elements (35) and their corresponding electron beam guidance cavities (15), and a pump 
5 chamber (55) designed for pumping the vacuum envelope (50) and connected to each one of 
the plurality of chambers (54). 

11. A vacuum display device as clauned in claim 1 0, characterized m that the 
spacer (153) has a single chamber (154) for each of the picture elements (135), which 

10 chamber extends between the picture element (135) and the corresponding electron beam 
guidance cavity (1 15). 

12. A vacuum display device as claimed in claim 6 and 1 1 , characterized in that 
the spacer (53) is provided with a single chamber (54) for a predetermined number of picture 

15 elements (35) arranged in a single column (32) of the first array. 

13. A vacuum display device as claimed in claim 2, characterized in that the hop 
electrode (11) comprises an electron lens adjacent each of the exit apertures (17) of the 
cavities (15) for adapting the cross-sectional area and/or shape of the corresponding electron 

20 beam (EB) m conformity with the picture elements (35) of the display screen (30). 



14. A vacuum display device as claimed in claim 1, characterized in that the exit 

aperture (17) has an elongate shape. 
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